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ABSIEACI 

This booklet, one of a series of 17 developed at 
Prince George's Community College, Largo, Maryland, provides an 
individualized, self-paced undergraduate organic chemistry 
instruction module designed to augment any course in organic 
chemistry but particularly those taught using the text "Organic 
Chemistry" by Morrison and Boyd, The entire series of modules covers 
the first 13 chapters of the Morrison-Boyd text in great detail* Each 
module has been provided with from one to three audiotapes, available 
frciB Prince George's Community College, to provide students 
additional explanations of particular concepts. Each module includes 
a self-evaluation exercise, a reference guide, workshee^ts to be 
completed with the audiotapes, answer sheets for the worksheets, a 
progress evaluation, an answer sheet for the progress evaluation, an 
answer sheet for the self-evaluation exercise, an introduction to the 
topic covered by the module, and student performance objectives for 
the module. The topic of this module is alkenes-reactions: 
dimerization, alkylation, and halogenation. (SL) 
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Self Instructional Package No. 9 



ALKENES - REACTIONS 



DIMERIZATION, ALKYLATION AND tlALOGENATIQN 




You are probably familiar with the famous story 
''The Ugly Duckling*' by Hans Christian Andersen. 
This is a similar very short story told in the 
language of an organic chemist. 



Once upon a time there lived a father, Isobutene, a mother, Isobu- 
tene, and a little Tertiary Butyl Carbonium Ion or T6CI. He used to be 
called T-Bic. Needless to say, T-Bic would not have even existed without 
the essential presence of the acidic godmother. He was a hyperactive 
child and on his road to adulthood he used to get into all kinds of 
trouble. T-Bic used to fight with the friendly Water, the neighborhood 
bully Isobutane and his little neighbor Sodium Chloride. All these side 
interactions did not prevent him from growing up. Like the ugly duckling 
who changed into a swan, T-Bic changed into - 



After you have listened to the tape and completed the assignments on 
this work sheet, you will be able to tell what T-Bic changed into and also 
what were the results of all his childhood interactions. 
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Sl'H I ftHtructjonal Packaj^u No» 9 
Form A - I.lst oL' Objectives 



ALKENES - REACTIONS I 
ELECTROPHILIC ADDITION REACTIONS 



D EFLNITIONS - 

The student will be able to define, explain and illustrate with 
appropriate examples where applicable the following terms: MARKOVNIKOV'S 
RULE, NUCLEOPHILE, ELECTROPHILE , HALOHYDRIN, DIMER, POLARIZATION, HYDRA- 
TION, HYDROHALOGENATION, ALKYL HYDROGEN SULFATE, DIMERIZATION, ALKYLATION, 
HALOGENATION . 

REACTION MECHANISMS - 

The student will be able to write the step by step mechanism for 
HYDRATION, HYDROHALOGENATION, ADDITION OF H2SO4, DIMERIZATION, ALKYLATION, 
HALOGENATION and any other electrophile addition reaction. 

The student will be able to predict the major product in the electro- 
phi lie reactions enumerated above and explain this on the basis of the 
mechanism. 

The student will be able to predict the orientation in a given electro- 
phile addition reaction on the basis of the mechanism. 

The student will be able to predict the relative reactivities of different 
alkenes in different electrophilic addition reactions. 

The studentwill be able to predict and explain the rearrangements 
observed in different electrophilic addition reactions. 

MULTI-STEP SYNTHETIC SCHEMES 

The student will be able to devise multi-step synthesis schemes for the 
synthesis of an alcohol, an alkyl halide, a vicinal dihalide, an alkyl hydro- 
gen sulfate, an alkene or alkane from methane or any other small alkane. 

The student will be able to identify all the reagents in a given multi- 
step synthesis scheme. 

The student will be able to identify i.e. draw the structures and name 
all the compounds in a given multi-step sunthesis scheme. 



Self I nsiruct: Jon/i 1. Packngu No. 9 
I'orm li - So It MvaluaLlon KxercLse 



ALKENliS - REACTIONS 1 
MLKCTllOPHILIC ADDITION REACTIONS 

Ldentify the statements below as true or false by placing a capital F or 
T In the space provided. 

1. In the first step of an electrophilic addition reaction 

meciianism alkene serves as a nucleophile. 

2. In the first step of an electrophilic reaction mechanism H 

positive ion abstracts one electron from the alkene to form 
a bond. 

3. The intermediate species in the electrophilic reaction mechanism 

is the carbonium ion. 

4. The carbonium ion in the hydration reaction reacts with the 

hydroxide ion and yields an alcohol. 

5. The carbonium ion formed in Step 1 of the alkylation reaction 

abstracts a hydride ion from the alkane. 

6. The carbonium ion formed in Step 1 of the dimerization reaction 

reacts with another molecule of alkene. 

7. The alkene molecule in the dimerization serves a nucleophile in 

Step 2 of the mechanism. 

8. When isobutene reacts with hydrogen bromide, bromine adds to the 

. doubly bonded carbon that hold more hj'drogens. 

9. Ifeobutene reacts with concentrated sulfuric acid to produce an 

alkyl hydrosulfate which will change into an alcohol when heated 
with water. 

10. Isobutene is more reactive than 2-butene toward an electrophilic 

addition reaction. 

11. 2-methyl-2-pentene is less reactive toward acid tha 2,3-dimethyl- 

2-pentene . 

12. A halohydrin is a compound that contains halogen and OH group on 

the vicinax carbon atom. 
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SIP No. 9 

\\)V\\\ W - Sc?lf Kv.i luation Kxerclsi? 

I J. IsDbuliMK' rt'acts with ()'.]Z as compared to propcMio that reacts 

wlrh «0Z Il2^<V| ol.hy lone'lhaL reads with 9HZ IhSO/^ . This 
i.:l('ar]y liuiicatos that: ethylene Is most reactive ami that lyobuteiie 
is least reactive. 

l/«. The compouiKl or compounds formed In the reaction of 2-methyl-2"- 

pcntene with bromine In aqueous solution is/are: 

a ) 2 - b r onio- 2 - p e n t a no 1 

I)) 2 , .J-dlbrumo-2~metliy I pen taue 

c ) 'J~brumo-2-me thy 1-2- pent a no 1 

d ) 2-bromo-2-inethy 1-3-pon tanol 

1'). When Isobutene is heated in presence of an acid tho following 

product is/are formed: 

a) t-butyl carbonium Ion 

b) 2 ,2 ,4-trlmcthyl pentane 

c) 2 , A , 4- tr Imethy 1-2-peutene 

d) 2 ,A ,4-trimethyl-l-pentene 

16. When Isobutene reacts with bromine in aqueous solution with sodium 

chloride present the folJowing compound is/are formed: 

a) 1 , 2-d ibromo-2-methy 1 propane 

h ) l-chloro-2-bromo-2-methy 1 propane 

c) l-bromo-2~methyl-2-propanol 

d ) l-bromo-2-chloro-2-me thy 1 propane 

1.7. Identify the major product A in the reaction below - 

3-methyl-2-pentanol ^^^^ > 2^methyl-3-pentane ^ ^ 

a) 3,4 ,5- 1 rime thy 1-5- ethyl' 3-hGp ten e 

b) 3,4-dlmethyl-3,4-'die thyl hexane 

c) 3,4, 5-trime thyl-3-ethyl heptane 

d) 3 , B- dime thy 1 -de cane 



EKLC 
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SIP No. 9 

Form H - So If Evaluation KxorclJU! 

IH. The major product In tliu at:l.d catalyzud addition of water to 

J, :]-dlmuthyl- 1-hexenu in: 

a) 3, 3-d imotliyl-l-hcxano 1 

b ) 3 , 3-d Imo thy I- 2-hexano .1 

c) 2,3 dimethyl-2-hcxanol 

d) 2, 3-d lmethyl-3-hexanol 

.1.9. The major product in the hydroiodination of 3,4,4~trimethyl- 

l-pentene is : 

a) 2- iodo-3,A,4-trimethyl pentane 

b) 2-iodo-2,3,A-trimethyl pentane 

c) 3-iodo-3,A,4-trimethyl pentane 

d) 3-iodo-2,3,A-trimethyl pentane 

20. Identify compounds A and B in the multi-step synthetic scheme 

below. 

CI 



Li CuBr isopropyl bromide Br2,hv KOH 
Ethylbromide > > > ^ . 



HI 



^ B 



A B 

a) 2, 3-dichloro-2 methyl butane 2-iodo-3-methyl butane 

b) 2 ,3-dichloro-2-methyl butane 2-iodo-2-methyl butane 

c) 2,3-dichloro~2-butene 2-iodo butane 

d) 1,2-dichloro propane 2-iodo propane 

21. Identify the reagents required for the laboratory synthesis of 

4-bromo-3, 4-dimethyl-3-hexanol for 2-bromo butane 

a) Na, H20, Br2,hv 

b) Na, Br2,hv, KOH, Br2, H2O 

c) KOH, Acid, Br2,hv, KOH, Br2, H2O 

d) Li, CuBr, 2-bromo butane, Br2,hv, KOH, Br2, H2O 
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Self Inj'ilrucL l.onaI I^Mcka|.',e No. 9 



ALKliNKS - RKACTION 1 
KLKCTUOPHTLIC ADDLTION Ul^ACTTONS 



Tlio Roferonco Guide should be used in conjunction with Form li or the 
St^lC Evaluation Kxerclse. The relerences provide the correlation 
between the questions in Form B and the available material in the text- 
book and in the form of tapes. 

Questions 1,2, 3, A Chapter 6, Section 2,10,11 Morrison & Boyd 

Organic Chemistry 



Questions 


20,21 


Chapter 


6, 


Section 


12 


Questions 


5,17 


Chapter 


6, 


Section 


16 


Quest Lons 


6,7,15 


Chapter 


6, 


Section 


15 


Question 1 




Chapter 


6, 


Section 


6 


Questions 


9,13 


Chapter 


6, 


Section 


8 


Questions 


10,11 


Chapter 


6, 


Section 


11 


Questions 


12,14,16 


Chapter 


6, 


Sections 


13,14 


Questions 


19,20 


Chap ter 
Chap ter 
Chapter 


3, 
5, 
6, 


Sections 
Sections 
Sections 


17,19,21 
12,14 

5,6,13,14,15,9 



For Questions 1,2,3,4,8,9,10,11,13,19,20,21, additional explanations 
cird examples are provided in TAPE 1 - titled Additions of IiX» H2SO4 and 
II2O to alkenes, with the accompanying worksheet and answer sh-.et. 

For Questions 5,6,7,12,14,15,16,17,18, additional explanations and 
examples are provided in TAPE 2 , titled Dimerization, Alkylation and 
HaloKenation , with the accompanying worksheet and answer sheet. 
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ERIC 



Tabti' No. I 



IIX 



l\ 1 0 c t r 0 {) lU 1 1 c A d(l 1 1 1 o n9 



Markovnlkov Acidltions 



> K— v—V' 

llydrolui lo^',i"nat; Ion X 11 



Alky! llnlUio 



IhSO/, , Com: I ( , . 

— i ^ -p g Alkyl llydroRon Sulfate 



1120, 11+ 



Hydra t: Ion 
Acid (11+) 



OSO3II 11 

-i- 



^ K J: H Alcohol 



I)lmt»r Izatlon ' 

Alkano, Acid 
Aikylation 



X2 



llalogenation 
X2. H2O 



A new larger alkeno - Dimer 
(not synunetrical) 

Alkane 

R 1 9 Vicinal Dihalide 

X X 



^ R jP Halohydrin 

OH , X 



^ Free Radical Additions 


CX4, 


: tg, 

Peroxide, hv 


. Antl-Markovnlkov 




► 


\ Additions 








CltX^, 


Peroxide, hv 
2 k 




H J Pt or Ni ^ 
Hydrogenation 

KMnO^, H2O 



•9—9— 

H Br 
t ( 

X CX3 

H CX3 



Alkyl Bromide 



Alkane 



Oxidation 



Mild 



% I t 

^HCOOOH, H2O ^ OH OH 
03, H20> Zn^ R— C=0 + 0=C^ 



Vigorous . 



KMnO,, hot R-COOH + CO2 
Acid Catalyzed 



Polymerization / Cationic 



Polymer 



Peroxide Catalyzed 



Free Radical 

10 
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Soli; InnUur.lloiiiU Packagt' No, 9 



ADDITION RHACTIONS OF 
m\i \ II2S0A and WlO TO AI.KENHS 

!ii5;UlULLl.'.,J^ilr 1. 

SK'p 1 - Addition of H4- to nlkene and formation of the carbonluni ion 

+1 + . 

H c"'~"(: H + "11+ >I1 C C H or II . • C • • C»»I1 

II H WW • • 

CARnONTUM rON H U 

Step 2 - Reaction of the carbonium ion with the nucleophilic reagent 

4- » 1 1 

|{ c C H + :a / >> H C C H 

H H l\ 

Klectrophile Nucleophile 



Kxample No. 2 - Hydrohalogena t ion 



(H 



; x: ) 



Step I - Formation of the Carbonium Ton 



r H 




3 + H 



C:h — c — p—i 



3" Carbonium Ion 
(more stable) 



1" Carbonium Ion 
(less stable) 



ERIC 
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No. " T,i|H< I WurkatuM'l 



Sti'ji 2 " K<.',ii t lou ol t lit' tdtiHtniimi Ion wUtt itu' liiillil (uHuii 



(111 I Cll i CIl. 

• II ... \ II \ 



* f II * X II * V * 

cii , — ocii,, •»• iix > CM. J — — C11.J 

CH-i ... Cih II 

I ' , . • • . ' • ' , I • 

ass[(;nm,p:nt no, j - a dihtion ok sulfuric acip 

Write the step by step mtrchaiiljim for the addition of sulfuric acid to 2-methyl- 
2-butene. Identify alJ species as nucleophllic or electrophlllc. Also write 
tlie ovi*rall reaction. 
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SIP No, 9 - Tape 1 Worksheet 
ASSIGNMENT NO. 2 

Write the step by step mechanism for the addition of hydrogen bromide to 
3~methyl-l~butene that will account for the formation of 2-bromo-2~methyl- 
butane. 



ASSIGNMENT NO. 3 

Saturated Sam was asked to write the overall 
reaction and the step by step mechanism for 
the addition of HYDROGENCHLORIDE to 3, 3-DIMETHYL- 
1-PENTENE. His answer incomplete and only par- 
tially correct is given below. Supply all the 
necessary corrections and/or additions. 




13 
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SIP No. 9 - Tape 1 Worksheet 



Example No, 3 - HYDRATION 



Step 1 - Formation of the Carbonium Ion 



-c— c 4ic— 




2^ Carbonium Ion 



1® Carbonium Ion 



Step 2 - Reaction of the Carbonium Ion with the Nucleophile 



III . / I I I 

.c~c— C- '.O — ► --C — c— c- 



Protonated Alcohol 
(Oxonium Ion) 




Protonated Alcohol 
(Oxonium Ion) 



Step 3 - Regeneration of the Catalyst 
III lit 4. 

'C— c— c- — >-<:— c— c- 4- H 
+ :6:h* ' ;(!)H ' 



Ill « I I 4. 

-C-C-C ^-C-C— 9- + H 

' + ;o:h oh 

Overall Reaction 



H2O, Acid 

CH3-CH=CH2 ^ CH3-CH-CH3 + (CH3-CH2-CH2) 

OH OH 



14 
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SIP No. 9 - Tape 1 Worksheet 



ASSIGNMENT NO. 4 



Write the step by step mechanism and the overall reaction for the hydration 
of 3~Methyl~l-Pentene 



ASSIGNMENT NO. 5 

Confused Clyde was asked to write the step by step 
mechanism for the hydration of 1-Butene. His answer 
is given below. Examine his answer and make any 
necessary corrections. 

(H2O ^ + OH") 

Step 1 - Formation of the carbonium ion 



CH^ ^ CH— CH^—CHo + > CHo— CHo—CHo—CH 




Rearrangement - stabilization of the carbonium ion 

CHo— CH~CHo~CH« >>CH«— -CH—CH^— CH^ 

^ 2 ^ 2 3^3+ 23 

Step 2 - Reaction of the carbonium ion 



CH^— CH— CH^— CH^ + :0H >CH^--CH— CH^— CH^ 

OH 
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SIP No. 9 - Tape 1 Worksheet 



Assignment No. 5 - Step 2 (continued) 
Overall Reaction: 



HO, H"*" 



CH2-«CH-~CH2-CH3 — ^ -> CH3--CH-~CH2-CH3 2-Butanol 

OH 



ASSIGNMENT NO. 6 

Forgetful Frieda was asked to write the step by step 
mechanism for the hydration of 2 , 2-Dimethyl-3-Hexene . 
Her answer is given below. Compete her answer and 
add the part that Frieda has forgotten. 

Overall Reaction: 

CH3 H„0, H+ CH3 
CH3~C-CH-CH2-CH3 — ^ CH3-C~CH-CH2~CH2— CH3 

CH3 3 

2 , 2-Dimethyl-3-Hexanol 

Step 1 




9 ? 
c— c— c—c— c— c 

c + 
Carbonium Ion 

Step 2 



c-J-M^-c -Th^O! — .>c-?-c-c-c-c 

C + C+OH 

H 

Protonated Alcohol 

Step 3 

c-J-n-c-c-c ^ c~5-c-c-c-c + h+ 

c +6h c oh 

16 
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SIP No. 9 - Tape 1 Worksheet 
ASSIGNMENT NO. 7 

Draw the structure and name the major product in the reactions below. (You 
are not asked to write the step by step mechanism although it is not pro- 
hibited.) 

HBr 

2~Methyl Propene ^ 

■> 

H^O, Acid 



HI 

3,3~Dimethyl-l-Butene ^ 

H2O, 

3-Methyl--l-Pentene > 

Example No. 4 

MARKOVNIKOV'S RULE: In the ionic addition of an acid to the unsymmetrical 

carbon-carbon double bond of an alkene, the hydrogen 
of the acid attaches itself to the carbon atom that 
already holds the greater number of hydrogens. 

ASSIGNMENT NO. 8 



Which alkene of each pair would you expect to be more reactive toward addi- 
tion of sulfuric acid. Why? 



a) 


I 


2-Methyl-l-Butene 


II 


2, 3-dimethyl-2-butene 


b) 


I 


Propene 


II 


2-Pentene 


c) 


I 


Ethylene 


II 


2-Butene 


d) 


I 


2-Methyl-2-Pentene 


II 


3-Me thyl-l-Pentene 


e) 


I 


2-Chloro-2-Butene 


II 


2-Butene 


f) 


3- 


-Bromo-2-Pentene 


II 


2-Bromo-2-Pentene 



Propene 



H2SO4 



2-Methyl-2-Pentene 
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SIP No. 9 - Tape 1 - Worksheet 



ASSIGNMENT No. 9 



Identify all the steps in the laboratory synethesis of: 



2-inet:hyl--2~butanol and 2~lodc--2, 3--dimethyl butane from Propane 



ASSIGNMENT NO, 10 

Saturaiied Sam was asked to identify all 
the steps in the laboratory synthesis 
of 2,4,4-Trimethyl-2-Pentanol from 2- 
Methyl Propane. His answer is given be- 
low. Examine his answer and make all 
the necessary corrections. 




■c-c-c- 

1 I • 



Br ^ ,hv -C- Na -C- "C- KOH -C- -C" 

^'C-(?-^' > -C"?-?-?-^"' 7 i^-C-t^C-C- 

Br -C- 'C- 



2-Bromo-2~Me thy 1 2,2, 4-Trimethyl 2,4, 4-Trimethy l-2~Pentene 
Propane Pentane 



>i H20,h'^ 



-c-c-c-c-c- 

I 1 » I I 
-C- OH 
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SIP No. 9 - Tape 1 - Worksheet 



ASSIGNMENT NO. 11 



Identify (draw the structure and name) compounds A through H in the reaction 
given below. 

Br2,hv Li CuBr Ethyl Bromide Br2,hv KOH 
2-Methyl-Propane ^ A ^ > B ^ C 5^ D ■> E 




EKLC 
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Self Instructional Package No. 9 
Tape 1 - Answer Sheet 



ELECTROPHILIC ADDITION REACTIONS OF 
HBr, H2SO4 and H2O TO ALKENES 

Assignment No. 1 - Addition of Sulfuric Acid 
Overall Reaction 

CH^-C^CH-CH^ + H^SO^ > CH^-C—CH^-CH^ 

OSO^H 



O.s /OH 0^ 0- 

S ^=3 ^ S + H^ 

^OU 0^ ^OH 

Step 1 - Formation of the Carbonium Ion (Rate determining step) 

>c^9~(;^ + ^^"6-C"^- (Not "C-c-c-q- 



H 



Nucleophile Electrophile 
Step 2 - Reaction of the Carbonium Ion with the Nucleophile 



-C-C-^-C- + OSO H > -C-C-f-^- 



OSO3H 





Electrophile Nucleophile 

Assignment No. 2 

Overall Reaction: 

CH3 CH3 CHo 

CHo=CH-CH-Cno + H-Br 



2=CH-CH-Cn3 + H-Br ^ CH^-CH^-C-CH^ CH^-ijlH-CH-C 

Br 

20 



Br 

Low % 
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SIP No. 9 

Tape 1 - Answer Sheet 



Assignment No> 2 (continued) 

Step 1 - Formation of the Carbonium Ion 



Hj«»Br: ^ +:Br: 

H 2'' Carbonium Ion 

Rearr aagement or the Stabilization of the. Carbonium Ion 

-C' 1,2 Hydride Shift . . 

"C~C~.C~C > -c~c~c~c- 

\ yr. II.' 

« + H k + 

3** Cairboniiim Ion 

Step 2 - Reaction of the Carboniiim Icn with the Bromide Anion 



-C-C~C~C- + :Brr > -C-C-C-C- 

» » » .... » • t » 



+r... 



:Br; 

» 



-C~C~C~C- + :Br; ^ -c-C-C-C- 

I T I ... . I # T 1 

+ r- * • 

(Low %) :Br! 



Assignment No. 3 

Saturated Sam omitted the rearrangement of the carbonium ion. 
Step 1. , 



C- 

f I I • I 



• C=C~C~C~C' + H — ^-^l-C-C-C-C 

« < I i * ' I 



Rearrangement of the carbonium ion ; 

-C- l,2~methyl shift ^ i , » 

•i-c~c--c-c- > -c-c-c-c-c- 

2^ carbonium ion 3 carbonium ion 

21 
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SIP No. 9 

Tape 1 - Answer Sheet 



Assignment No, 3 (continued) 
Step 2 



I 



•C~C-C-(J~C- 4- iCl"" 5)^ 

r:.^ ' 

I I T I I I I I t I 

-C-C-C-C-C- + :C1" > -C-C-C-C-C- 



3-Chloro-2, 3-dimethyl pentane 



Assignment No. 4 



CHo CH3 



CH2=CH-CH-CH2~CH3 4- H2O > CH2-CH2"C-CH2-CH3 + CH^-CH-CH^-CH^-CH^ 

Mechanism ; 

Step 1 - Formation of the carbonium ion 



< * I » 



-Cy c-(j:-c-^- + > -c-c-c-c-c- 

H 

Rearrangement of the carbonium ion 



-6- 1,2-Hydride Shift -C- 

-C-6-C-C-C- > -c-c-c-c~c- 

H t H ; H ^ 

2° carbonium ion J"" carbonium ion 

Step 2 - Addition of water to the carbonium ion 



-i-c-c- + H 5: ^ -c-c-c-c-i- 



I I 

^ -K)-H 

I 

•■ ■' H 



22 
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SIP No. 9 
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Assignment No* 4 (continued) 

Step 2 - Addition of water to the carbonium ion (continued) 



t 



•ill! • I f i I 

-C-C-C-C-C- + HO; -c-C-C-C-C- 



Step 3 - Regeneration of the catalyst 



I I T I I (III* 

-C-6-C-C-C- j » -c-c-c-c-c 

+:Q-H -OH 



„ ^ jj-r 



-c-c-c-c-c -c-^-c-q-c- + IT 

;:i-H 'ohOH 
Assignment No* 5 

^H20 — ? H"^ 4- OH"" NOT correct) - There is virtually no_ dissociation of water 
Step 1 

(CH2= CH-CH^-CH^ + ^ — -> CH^-CH^-CH^-CH^ NOT correct) 

H*** ion will add to the first C to produce a more stable secondary carbonium ion 



CH2n"CH-CH2-CH3 4- H*^ > CH3-CH-CH2-CH3 

Step 2 



(CH3-CH-CH2-CH3 + OH" — >CH3-^H-CH2-CH3 NOT correct) 

+ OH • ^ 

There are NO hydroxide ions in the mixture. Neutral water molecules serve as 
the nucleophile in Step 2. 



CH3-CH-CH2-CH3 + H2O: ^ > CH3-CH-CH2"CH3 

H-0H2 

Protonated Alcohol 
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Step 3 - Regeneration of the catalyst 



CH3-PH-CH2-CH3 ^ 
+0H 

y'li' 
w 

Assignment No. 6 

Carbonium ion formed in the first step is a secondary carbonium ion, 
Frieda forgot to include the rearrangement of the carbonium ion which re- 
sults in the formation of a more stable carbonium ion and consequently in 
a formation of a different alcohol. 



^ CH3-CH-CH2-CH3 + H' 
OH 



Step 1 

-6- -c- 



'-C- -Ir. ' -C- + 

Rearrangement 

. . . 1>2 Methyl Shift , -C ^ , . , 

: C ?^ + -C- 

Step 2 



till 



t 1 ' ' I I I T I • I I 

•c~c~c~c~c~c- + H 0 > -c-c-9-q-(^"C- 



f 

H 



Step 3 



+0H -{j- OH -C- 



t 

Overall Reaction: 



/•Hi, 



?»3 H2O. Acid '?3 CH3 

CH3-C—CH=CH-CH2-CH3 > CH3-C— gH— CH2-CH2-CH3 + CH3-C— CH-CH2-CH2-CH3 

, CH3 CH3 CH3 OH 



ERIC 
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Assignment No. 7 



f • * 

-c-c-c- 

I 



HBr 



H Br 



2-bromo~2-methyl propane 



-c=c-c- 



H2S04 



t I « 

-C-C — c- 
f I ' 

H OSO3H 



isopropylbisulf ate 



» t I I • 

-c-c^c~c~c- 



H2O, H 



-c- 

1 I I f I 

-c-c-c-c-c- 
'(5h H ^ ^ 



2-methyl-2~pentanol 



I I 



» 

-c- 



=c-(5-c- 
-9- 



HI 



. .-9-. 

-C-9-9-C- 

-C- I 



2-Iodo-2,3-dimethyl butane 



^ ^-9- , , H2O. tf^ 

.c=c-c-(;-c- ^ -V-?-9:9-9' 



OH 



Assignment No. 8 

More reactive in each pair; 

a) II 



b) II 

c) II 



d) I 

e) I 



f) II 



3-methyl-3-pentanol 



Explanation ; Branching in a) b) c) d) and the possibility of the formation 
of the more stable intermediate carbonium ion. The electron withdrawing 
effect of halogen atom in e) and f) destabilizes the intermediate carbonium 
Ion. 
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Assignment No. 9 



a) 

, ^ , Br2,hv , , . Li Cu -C-^-Br ^ ^C- , ^ Br2,hv , -C' ^ ^ KOH 



Br 



Br 

2-Bromo Propane 2-Methyl Butane 2-Bromo-2-Methyl 

A' . . H2O, 



I 

-c- 



Butane 



2-Methyl-2-Butanol 



I I I I 



(•c=c-(;-(;-) + 



t 

-c- 

r t I 1 
'•C~C=C-(j'' 



Major Product 
2~Methyl-2-Butene 



b) 



y -c-c~c- 

Br 



-C-C-C 
» I » 



Na , ^--9-, Br2,hv , -C- ^- 



2,3-Dimethyl 
Butane 



( 



KOH 



I t 

-C--C- 

I • I I 



l2>hv 



">N.R.) 



Br 

2-Bromo-2,3- 
Dimethyl Butane 



-> •c~c=c~9- 

2,3-D|inethyl-2- 
Butene 

I 



Assignment No. 10 
Correct Pathway : 

Sr2,hv .-9- 

-9-9-9' > -9-9-v- 

Br 



2-Iodo-2,3- 

Dimethyl Butane 



Li CuBr l-Bromo~2~Methyl Propane -C- -C' Br^.hv 

I I I I I 2 



Na , , 
>-(;~C~(;~9- (useless) 



> -c-9-c~g-c- 

I 

KOH 
N.R. 



9 OH 



H2O, H"*" 



2(i 



-c- ^- 

I < I I I 

"C-9-c=c-q- 
* -c- 



KOH 



« I I 1 I 

-c~c-c-c-c 

» I « T I 



-C- Br 
I 



25 



SIP No. 9 

Tape 1 - Answer Sheet 
Assignment No. 11 



.'9-. 



Bro,hv •c- 

♦ -<f-<f-9- 

Br 



Li 



CuBr / -cA 



CuLi 



-C- 
I I I I 



2~Bromo~2~Methyl 
Propane 



-c- 



Br2,hv ,-p- , , 

> i:-9-9-^- 

-9- Br 



2,2-Dlmethyl Butane 
HI 




2-Iodo-2 , 3-Dlmethy 1 

Butane F 

H2O, » 

OH . G 

2,3-Diinethyl~2~Butanol 



2~Broino-3 , 3-Dimethyl 
Butane 



3,3-Dimethyl-lVl^!^ ^XX^' 
Butene / ' 

OSO3H 

2 , 3-Dimethyl~2~Butyl 
Hydrosulf ate 



H 
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In order that knowledge be 
properly digested^ it must 
have been swallowed with a 
good appetite. 

Anatol France T 1881 ) 



ALKENES - REACTIONS 
DIMERIZATION, ALKYLATION AND HALOGENATION 



Example No. 1 ~ Dimerization Mechanism 



Ethylene 



2-methyl propene (isobutylene) 



Step 1 - Addition of and formation of the Carbonium Ion- 



C C + H'**->C-C'*' 



Step 2 - Reaction of the Carbonium I 
carbonium ion 



C 9 
=:i-C + H'^->C-C-C 

on with Alkene to yield a new 



c-c*** + c~c 



c~c**c-c+ 



Rearrangement - Stabilization of the 
Carbonium Ion 



1,2 hydride shift 
C~C-i;-C ' ►C-C-C-C 



+ 



Step 3 - Repulsion of H"** and formation of the double bond 
C-C-C-C + 



C~C-C-C 
i 1^ 



more stable 



C-C-C=C + H" 
less stable 



1+ 



C-c*^ + c^-c-^c~c«»c-c~c 

c c + 



3° carbonium ion 



f 



c-ct + c-$-c — >c-9»»c-c 
c'-.. ./ c c 

1° carbonium ion 



9 <; 



9 9 

C~^~C=C~C + 

more stable 
^~C-C=C + 



C 



less stable 



28 

27 



SIP No. 9 

Tape 2 - Work Sheet 



Overall reactions 



Ethylene: CH2=CH2 ^ CH^-CH=CH-CH2 + CH^-CH2-CH=CH2 



2-Methyl Propene: 



ru CH^ CH CHo CH3 

CH^^C— CH^ — > CH^-C^CH=C-CH2 + CH^-C— CH^-C = CH^ 

CH^ 



Assignment No. 1 

Write the step by step mechanism for the acid catalyzed dimerization of 
propene and 2-methyl-2-butene. 
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AsslRnment No. 2 

Inert Itma was asked to complete a number 
of reactions. Her answer is given below. 
Examine it and make any necessary correc- 
tions • 




acid 

a) 2-methyl-l-butene > 3,3,4-trimethyl-2-heptene 



acid 



EKLC 



b) 2-butene 



c) l~butene 



-^3 , A-dimethyl-l-hexene + 3 , A-dimethyl-2-hexene 



acid 



3 , A-dimethyl-3-hexene 



acid 

d) 2-methyl propene > 2, 5-dimethyl-3-hexene 



Assignment No, 3 

Confused Clyde was asked to: a) write the step 
by stpe mechanism, b) identify the rate deter- 
mining step, and c) write the overall reaction 
for the acid caralyzed dimerization of 2-methyl- 
2-penteneand 1-butene. Examine his answer care- 
fully and make any necessary corrections. 



Step 1 . 

c-c,75;:-c-c + > c-C-C-C-( 



Step 1 . 



C-nC-C-C + H*^- 




+ 5 

H 



Step 2 , 



C C 9 9 

C-C-C-C+ + c-c=c-c-c-k:-c-c-c-c-c-c-c 

C--.-' c + 



step 3 . 



9 



9 c 
c-c-c-c-c=t-c-c-c 



C-C-C-C-C::j;C;:C-C-C 

c..!:+;i \ 



5 9 
c-c-c-9-c-c=c-c-c 

c 



. c-c-c-c 

+ ' + 

H 



Step 2 , 



C-C-C-C + c=c-c-c •->C-C-C-C-C-C-C-C 



step 3, 



C-C-C-C-C-jC-C-C 



/ 



C-C-C-C-C=C-C-C 



'^i ^C-C-C-C-C-C=C-C 
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Assignment No. 3 (continued) 
Overall reactions: 



Acid 



CHg-C = CH-CH^ 



-> 4,6,6-trimethyl-4~nonene + 4,6,6=strimethyl-3-nonene 



Acid 



CH2~ CH— CH2"'CH2 



2-octene + 3~octene 



Example No. 2 - Alkylation Mechanism 



Step 1 . - Addition of the H"^ to the double bond and the formation of the 
carbonium ion 



C 

C-C-C 



Step 2 - Addition of the carbonium ion to the alkene 



C 



^-9 



c c 
-> C"C c-c-c 



Step 3 - Abstraction of the hydride aniori'from the alkane 



9 



c c 



C-(;-C-C-C + c-g-c >c-C-C-C-C + c-c-c 

/-II • 



c + 



3^ carbonium ion 



? 9 



c c 



^-c-c-c + c-c-c >c-c-c-c-c + c-l-c 



c + 



H •• 



1° carbonium ion 



ERIC 



Steps 2,3 2,3 2,3 
Overall reaction : 

CH^ 



2,3 



?3 



» 



Acid 



CH. CH 
\ I 



CH2'=-C— CH3 + CH^-CH—CH^ 



CH^-C— CH2-CH — CH^ 
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Assignment No. A 

Write the step by step mechanism for the acid catalyzed reaction of propene 
with propane. 



Assignment No. 5 

Write all the reactions of the carbonixira ion Introduced so far. 



EKLC 
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Assignment No, 6 

Curious Chloe was asked to write the step by step 
mechanism for the acid catalyzed reaction of 2- 
methyl butene with 2~methyl butane. Her answer 
is given below. Supply all the n'ecessary correc- 
tions . 



Step 1 . 



step 2 . 



I I t I 



step 3 . 



Assignment No. 7 



Write the step by step mechanism and the overall reaction for the acid 
catalyzed reaction of 2-methyl propene and butane. 
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Example No. 3 - Mechanism for the halogenation reaction 

Step 1 - Formation of the carbonium ion (addition of the electrophile 
to the double bond) 

,^ . • ' .. 5 X» 

c^c + ;x .•: x: > -c-c- + :x: 

carbonium 
ion 

Step 2 - Reaction of the carbonium ion with the nucleophile 

• +^ ■ ■ _ , : .X 
-c-c- + jV: ' — > -<?-C- or -c-i- 



vicinal dihalide 



Example No. 4 



Br 



:Br; Br, 

► -9-9- 

Br 



:ci: Br, 



— > -9-9- 

":c=C' + •.Br:Br:^-C-C+ (Na+Cl~) CI 




-tOH OH 

' J Ethylene 

Bromohydrin 
(l-bromo-2-ethanol) 



34 



33 



SIP No. 9 

Tape 2 - Worksheet 



Example No. 5 



NO^ 



Asslg T iment No. 8 



Propylene 

Bromo Hydrin 

l-bromo-2-propanol 



Identify (draw the structure and name) compounds A through L in the 
reaction sequence below. 



HI 



propane 
acid 



br2,hv KOH Acid 
Propane A — — B — — C 



Li 




Br^, NaCl 



E 4 F 



HO, Acid 
— > G + 



CuBr 



n-propyl 
bromide 



L 



35 



Br^, H^O 



H + I 



acid 



K 



EKLC 
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Asslfinment No. 9 

Write all the steps in the laboratory synthesis of: 

a) 2-iodo-2,4, 4-trimethyl pentane and b) 3-bromo-2,4 ,4-trimethyl~2- 
pentanol from isobutane. 



Assignment No. 10 ^ 

Apple growers could prevent spoilage of their fruit by circulating air 
from the containers and bubbling through bromine water. What kind of 
organic compounds will be removed in this process: saturated, or un- 
saturated? 
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ALKENES - REACTIONS 



DIMERIZATION, ALKYLATION AND HALOGENATION 



AsslRnment No, 1 



Dimerization of Propane 



Dimerization of 2-methyl-2~butene 



Step 1 - Formation of the carbonium ion 



• I » 4- 



; + 

H 



. 9 



I 



+ : 



Step 2 



Addition of the carbonium ion to the alkene 



I 

-c- 



« T III L * 1 • 

.C-C+ + -C.TC-C — k:-c»*c-C"C- 

II. ^ ,J T III I 

A** + 

2% carbonium ion 



+c 

1° carbonium ion 
less stable 



I 




1 



-c- -c- c-c- 

I Y II I « T T I • 

' *' 3** carbonium ion 



-c- 



2% carbonium ion 
less stable 



Step 3 = Loss of 



/ 



-(|:-9-c=c-c- + yT 

Higher % 



-C~C-CrC-C" 

I I I I I + 

Lower % 



I I 1 

■C-C-C-CrCrC- 



H H 
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I I I 

Higher % 



I i t 

I I I I I » 4. 

'C-C--C-9-C==(>+ H+ 
'Lower % 
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Overall Reactions 



1. Diraerlzation of propone 
acid 



CH2«CH-CH3 



CH^ 



CH^ 



-►CH2-CH-CH«CH~CH3 + CH3~CH-CH2-CH-CH2 



2. Dimerization of 2~methyl-2-butene 

acid 



CH3 

CH3-C « CH~CH3 



CH3CH3 ^.-^ ^ CH3 CH3 

^CH3-CH2-C~C -1^-CH3 + CH3-CH2-C~CH-CH » CH2 



CH. 



CH. 



CH. 



Assignment No> 2 
a) 2~raethyl-l-butene 
acid 



acid 



3,4,4-trimethyl-2-hexene 



b) 2-butene 



c) 1-butene 



3,4-dimethyl-2-hexene + 3,4-diniethyl-3~hexene + 

3,4-dimethyl-l-hexene 



acid 



-> 5-methyl-2-heptene + 5-methyl~3-heptene 
acid 



d) 2-raethyl propane 
Assignment No> 3 



,2,4,4"trimethyl-2-pentene + 2,4,4-trimethyl-l-pentene 



Correct Mechanisms: 



Step 1 



I 

-c- 



• 1 » » • -I- I I 1 • I 

.C-C-C-9-f +H+ — ^^-c-C-^-c- 

H 



Step 2 



I 

-c- 



Step 1 



» I I 1 

-> -<:-c-c-C' 

H 



-C- 
I • I 



I 



step 2 



I 



• III tl III ••il«lil i»l I I'l^l'*!!*' 

-C-C~C-C+ + •C-CTTC-C-C-yC-.c-C-C^'C-C-C- -C-C-C+ + 'C7lC~C--C--><:-C--C--C--C--C--C- 

I 
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AsHlfttimotu No. 3 (continued) 
Stop 3 

•c-c-c-c-c-c-c- 



Stop 3 



• « t T i » 

' H H 



-c-c-c-c-c-c>»c- 



/ 



•c-c-c 

« T I 



t * ' • 



I 

_ c- 



III » 1 ♦ t 
.^-(j-^-C-C"C-C 



Overall reactions: 



acid 



2-methyl-pentene 



acid 



1-bucene 



> 2,3,4-trimethyl-3-ethyl-2-heptene + 2,4,4-trimethyl- 

3-ethyl-l-heptene 

5-methyl-3-heptene + 5-methyl-2-heptene 



Assignment No* 4 

Step 1 - Formation of the carbonium ion 



III J. 

•C=C-C- + H 
I 



-^-c-c-6- 



step 2 - Reaction of the carbonium ion with alkene to yield a new carbonium ion 
I 

III I Y I » I 



I T III I 1 » I I 

-C-C+ + ^TC-C k;-(J»»9-c-(^- 

Step 3 - Abstraction of the hydride ion 
I 

I I I I III 

•c-c-c-c-C' + -c-c-c 



t *?' II) I t I . - • "l • ' • lit 

-c-q-c-c-c- + -c-.c-c >--c-c-c-(j-^- + -9-c-c- 



H ■ 
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A carbonlum ion cnn: 

a) lose u hydrogen positive ion Co form an alkcne. 

b) abstract a hydride Ion from an alkane. 

c) add to another alkene to form a nrw carbonlum ion. 

d) rearrange to form a more stable carbonlum Ion. 

e) combine with a negative ion or any nucleophlle. 
AaslRnment No> 6 

Correct Mechanism: 



t 



Step 1 

\, 4- 

step 2 

-C-C-C-C- 4- -c=c-c-c- >-c-c-c-c-c-c-c- 

4- / -C- 4- 

I 

....... 

NOT . 
• I 11 

« » '9' I I I ( ' i I* ' • 1 ' ' 



step 3 



^•4-^ • ♦C- 4- 



-C-C-C-d-C-C- 4- -C-C-C-C- >-C-C-C-C-C-C- 4- -C-C-C-C" 



Overall Reaction*: 



-C'C-C-C' 4- -C-C-C-C- ^-0-9-9-9-9-0- 
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Assignment No, 7 
Step 1 



+ 



-C=C-C- + 
Step 2a 



* 3,4- ! I I frill 

+ 'C=c-q- ->-(?-(?-c-c-c- 



-c- -c- + 

I 



Step 3a 



« > » I » T I » I ^ « « I 

C-C-C-C- > -C-C~C~C-C- + 'C~C-C-C - 

' f: Hi • . 



-c~c-c~c-c- 

step 2 



If I 1 

» "9" « ♦ I "9" . "9*1 

-c-9~c+ + -c=c-c ^ -C-C-Cj-C-C"^- 



step 3 



» I I » I I I » I t I I I I 



• '9' I "9' I 

-c-c-c-c-c-c- + ^-c-c-c-c >-c-c-c-c-c-c- + -c-c-c-c- 

p. H.' 

steps 2,3 2,3 2,3 

Overall Reaction: 

» I It 

acid . -C- "C" -C- . -C- 

-c=c-c- + -c-c-c-c- > -c-c-c-c-c-c- + -.c-c-c-c-c- 

I 

Major Product Low % 



EKLC 
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Assignment No, 8 



1 t I 

-c-c-c- 

1 I f 



Br ,hv 



Br 



KOH , , , 
5^ -C^C-C- 

Propene 
B 



Acid 



\ t \ % * 

-^-c-c-c=c-c- 

4-methyl-2-pentene 
C 



Li 

CuBr 



acid 
propane 



n-propyl -C-C-C-C-C ■ 
bromide 



-c-c-t-c-d:- 
I » I » ) 



2-methyl propane 



HI 



I I I I 



-> -C-C-C-C-C- H 

I T » I I 

I 

2=IodO"2-methyl 
D pentane 



I 

-c-c-c-c-c- 
I » I I ^ 

2-iodo-4-methyl pentane 



\ Br2,NaCl , -C- . . , ' ' 

^ > -C-C-C-C-C- 4- -c-c-c-c-c- 

» I I • » I » • I 

Br Br Br CI 



2,3-dibromo-4- 2-chloro-3-bromo 
methyl pentane 4-methyl pentane 



F 



— > -C-C-C-C-C- + 

OH 

2-methyl-2- 
pentanol 



I '9" I • I 
'C-C-C-C-C- 

I T , I , 

OH 

4-me thyl-2-pentanol 
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Assignment No. 8 (continued) 



-c-(j:-(!:=(i-^- 



Br. 



1 

^ -c-c-c-c-c- 

Br Br 



, . . . 

-c-c-g-f-c- 

OH Br 



2,3-dibromo 
4-methyl pentane 



2- bromo-4-methyl 

3- pentanol 



acid 



-C-C=C-C-C' 
Br 



4-bromo-2-methyl 
2-pentene 



Assignment No. 9 



-C- Bro,hv -C- KOH Acid i> -Q" > 

-c-c-c- > -c-c-c- — > -c=c-c x:-c-c=:C-c- 

Br * -C- 

I 



-C- I 

I 

(a) 



Br2, 

C BriH 



(b) 



Assignment No. 10 

Unsaturated (addition reaction of bromine to the double bond)< 
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ALKENES - REACTIONS I 
ELECTROPHILIC ADDITION REACTIONS 

Identify the statements below as true or false by placing a T or an F 
in the space provided. 

1. The major product of a dimerization reaction is a symmetrical 

alkene. 

2. The major product of the alkylation reaction is a larger alkene. 

3. A halohydrin is formed in the reaction of an alkene with water 

and halogen. 

A. In a dimerization reaction alkene serves as an electrophile and 

a nucleophile. 

5. Alkylation reaction is an example of the intramolecular hydride 

shift. 

6. In the addition of HI to isobutene, H will add to the carbon 

that holds less hydrogens. 

7. Reaction of an .alkene with concentrated sulfuric acid followed 

by dilution with water and heating will yield an alcohol. 

8. Isobutene- is, less reactive toward addition of sulfuric acid than 

butene. 

9. 2-methyl-2~pentene is more reactive toward addition of hydrogen 

iodide than 2-pentene. 

10. 2-methyl-2-butene is less reactive in a hydration reaction than 

2,3-dimethyl-2-butene. 

11. In an electrophilic addition hydrogen positive ion adds to the 

alkene and causes the following changes: 

a) homolyte cleavage of the ^'{f* bond in the alkene 

b) heterolytic cleavage of the U bond in the alkene 

c) it abstracts an electron of the ^ bond 

d) it abstracts both electrons of the Cjf' bond. 
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Progrss Check Evaluation 

In the hydration reaction carbonium ion reacts with 

a) water 

b) hydroxide anion. 

c) acid 

d) acidic anion 

When isobutene reacts with bromine in aqueous solution the 
folloiwng product or products are formed: 

a) 1, 2-dibromo-2-methyl propane 

b) l-bromo-2-methyl-2~propanol 

c) l-bromo-2-methyl-l-propanol 

d) 2-bromo-l-me thyl-l~propanol 

When 2~methyl-2-butene reacts with bromine in aqueous solution 
in presence of sodium iodide the following product or products 
are formed: 

a) 3~bromo-2-iodo-2-methyl butane 

b) 3-bromo-2-methyl-2"propanol 

c) 2~methyl-2,3"dibromo butane 

d) 2-bromo-3-iodo-2-methyl butane 

e) 3-bromo-2-me thyl-2-butanol 

The following statements about a halQhydrin are correct: 

a) It is a compound that contains a halogen and an OH group on 
the vicinal carbon atoms 

b) It is a compound that contains a halogen and an OH group 

c) It is produced when halogen is added to an alkene in 
presence of acid 

d) It is the result of the reaction of an alkene with halogen 
in aqueous medium 
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SIP No. 9 

Form D - Progress Check Evaluation 

16. The following statements about the alkylation reaction are true. 

a) It is a chain reaction 

b) A new carbonium ion is generated in the last step of the 
reaction 

c) The reaction results in a formation of an alkene 

d) The reaction is essentially an addition of an alkene to an 
alkene. 

17. The product or products obtained in the dimerization of 2-butene 



is/are : 






a) 3, A -dime thy 1- 


-3- 


-hexene 


b) A~octene 






c) 3 , 4~dimethyl- 


■2- 


-hexene 


d) 3,4~dimethyl- 


■1- 


-hexene 



18. Compounds A and B obtjjain in the multi-step synthesis" scheme 

below are: 

H„0, Acid 



PROPENE 




^ A 



> B 



19. 



a) 2~methyl~3-pentanol 

b) 2-propanol 

c) 2-methyl-2~butanol 

d ) 2-me thy 1- 2-p en tano 1 



B 

2, 3~dibromo-2-met:hyl pentane 

1.2- diLromo propane 
2,3~dibromo-2~methyl butane 

2. 3- dibromo-2-methyl pentane 



Identify compounds A and B in the multi-step synthesis scheme 
below. 



propane 



Br 



2,hv Li CuBr methyl bromide Brojhv KOH Acid hqi 

> — ^ ^ > — ^ — > — ^ ^ A '•• •y 



a) 2,4 , A-dimethyl-2-pentene 

b) 2,4-dimethyl-2~pentene 

c) 2,4, 4~dimethyl-2-pentene 

d ) 2-me thy 1- 2~p en tene 



B 

3~chloro~2,4,4~trimethyl pentane 
2-chloro-2,4~dimethyl-2-pentene 
2-chloro~2,4,4-trimethyl pentane 

2-chloro-2-methyl pentane 



EKLC 
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Form D - Progress Check Evaluation 

20. Identify all the correct pathways for the synthesis of 

2,3-dimethyl-2-butanol from propane. 



Br2,hv, 


Na, 


Br2,hv, H+, H20,H+ 




Br2,hv, 


Na, 


Br2,hv, KOH, H20,H"'" 




Br2,hv, 


Li, 


CuBr, Isopropyl Bromide, Br2,hv, 


KOH, H20,H+ 


Br2 ,hv, 


Na, 


Br^jhv, KOH, H^SO^ cone, H2O, heat 


The correct sequence of reagents required for the 
of 2-iodo-2-methyl pentane from propane is/are: 


preparation 


a) Br2 


,hv, 


KOH, Li, CuBr, isopropyl bromide. 


Br2,hv, KOH, HI 


b) Br2 


,hv, 


KOH, acid, HI 




c) Br2 


,hv, 


Li, CuBr, n-propyl bromide, Br2,hv 


, KOH, HI 


d) Br2,hv, 


Na, Br2,hv, KOH, HI 
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ALKENES - REACTIONS I 
ELECTROPHILIC ADDITION REACTIONS 

1. T ' 

2. F 

3. T 

4. F 

5. F 

6. T 

7. T 

8. F . 

9. T 

10. T 

11. T 

12. T 

13. F 
lA. b, c, 

15. c, d, 

16. a, c, d, 

17. c, 

18. d, 

19. d, 

20. b, 

21. b, c, d, 



ERIC 
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ALKENES - REACTIONS I 
ELECTROPHILIC ADDITION REACTIONS 



1 . 


F 


11. 




d 




2. 


F 


12. 


a 






3. 


T 


13. 


a. 


b 




k. 


P 


Ik. 


a. 


c, 


e 


5. 


F 


15. 


a. 


d 




6. 


F 


16. 


a. 


b. 


d 


7. 


T 


17. 


a. 


c. 


d 


8. 


F 


18. 


d 






9. 


T 


19. 


c 






10. 


T 


20. 
21. 


b, 
b> 


c, 
c 


d 
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